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B pamkax BBIYMCIUTEIBHBIX 3KCIEPUMEHTOB Ha MaTEMaTU4YeCKOM MOJIEJIM MHOTOIIOJbh30BaTE b~
CKOIi CEeTeBOI CUCTEMBI CBSI3U U3YYaeTCs JMHAMKMKA U3MEHEHUS TToKa3aTeneil yHKIMOHUPOBAHUS
TeJICKOMMYHMKALIMOHHOM cetu. [IpemnoxeHHas: aJrOpUTMUYECKasl cxeMa MO3BOJISIET MOCea0Ba-
TeJbHO (POPMUPOBATH IIOKOMITOHEHTHO HEYOBLIBAIOLINE BEKTOPHI JOITYCTUMBbIX UCXOASIIINX Y3IOBBIX
MYJILTUIIOTOKOB. B Monenu mpeariojiaraercsi, 4To Iepeaadya MeKy3JI0BbIX TOTOKOB Pa3HbIX BUIOB
OCYIIECTBIISIETCS OAHOBPEMEHHO U3 BCEX Y3JIOB BCEMU KOPPECHOHIEHTAMU 110 BCEM MapIlIpyTaM C
MUHUMAaJIbHBIM YMCIOM pedep. [Tpy BEIYMCICHUSIX Ha KaXKIOM I1are pecypchl pacpeacasiioTCs paB-
HBIMM JOJISIMU BIUIOTH IO JOCTVKEHUS MOJIHOM 3arpy3Ku ceTu. Pe3ynbTaThl, MOJyYeHHBIE B XOIE
3SKCIIEPUMEHTOB, IaI0T BO3MOXHOCTh MPOCASAUTh U3BMEHEHUSI BEJIMYUH KBOT, BbIICISIEMbIX KOppe-
CIIOHJIEHTaM Ha mepeaady MoToka oIpeaesieHHoro Buaa. HalineHHbIe BEKTOPBI JOMYCTUMBIX UCXO-
ISIIUX Y3JI0OBBIX MYJBTUIIOTOKOB MOXHO pacCMaTpUBaTh KaK rapaHTUPOBAHHBIE MHOTOKPUTEPU-
aJIbHbIE OLIEHKU MoKa3aTeiei (yHKIMOHUPOBAaHUS MHOTOITOJIb30BaTEIbCKOM CUCTEMBI. AHAIN3U-
PYIOTCSI CETU C pa3IMYHBbIMU CTPYKTYPHBIMU OCOOCHHOCTSIMU M PaBHOM CyMMAapHOM MpPOIYCKHOI
cnocoOHOCThIO. [IpUBOASATCS ClielIMaIbHbIE TUAarPAMMBL.

DOI: 10.31857/50002338823060082, EDN: GSJHPS

BBenenune. PaGora mpomoimkaeT McciaeqoBaHNe OCHOBHBIX (DYHKIIMOHAJIBHBIX XapaKTePUCTUK IIPU
IpeaeabHBIX 3arpy3Kax B TeJIEKOMMYHUKAIIMOHHEIX cucTemax [1—3]. B kadecTBe MHOronapamMeTpuye-
CKOIt OLIEHKM (PYHKIIMOHAJIbHBIX BO3MOXKHOCTE MHOTOMOJIb30BATEIBCKOM CETU UCIIOJIB3YIOTCSI BEKTO-
PBI UCXOASIIIINX Y3JIOBBIX MYJIbTUIIOTOKOB. KOMITIOHEHTaMM YKa3aHHOIO BEKTOpa SIBJISIOTCS BCE MEXY3-
JIOBBIE TIOTOKU C UICTOYHMKOM B BHIOpAaHHOM BEPIIMHE U CTOKAMM BO BCEX OCTAJIbHBIX y3J1aX CETH.

B xone BBIUMCIUTEBHBIX SKCIIEPUMEHTOB ONPEACIISIIOTCS TOMyCTUMBIE pacipeaeeHUsT BCeX MEX-
Y3JIOBBIX ITOTOKOB, KOTOPHIE MEPeaaloTCsd OJHOBPEMEHHO BCEMU KOPPECIIOHAEHTAMU MO KpaTJdaiIiiM
MapuipytaM. Ha ocHOBe HaiiieHHBIX MeXY310BbIX IOTOKOB (DOPMUPYIOTCS B3AUMHO TOITYCTUMEBIE BEK-
TOPBI UCXOISIINX MYJBTUIIOTOKOB M3 BCEX Y3JIOB CeTU. B pamMKax MoaeIu IpearoiaraeTcs, 4YTo cucreMa
yIIpaBJIEHUSsI TTO3BOJISIET BEIPABHUBATh BEJIMYUHBI UCXOISIINX Y3JIOBBIX MIOTOKOB B CUTyalLlMSIX, KOTIa
BHEIIIHSISI HATPY3Ka Ha Y3JIbl CETH MPEBBIIIAeT HOPMATUBHEBIE OTpaHUYeHUS. B paboTe n3ydarorcs nu-
KOBBIE pacIIpeIe/icHUs] TP TTOJIHOI 3arpy3Ke ceTH. [1porryckHas crmocoOHOCTh pedep CeTH paccMaTpU-
BaeTCd KaK BEKTOP pecypcoB. Pecypchl pacnpenensiioTcsa MeXy IT0JIb30BaTeIIMU (Y3JIaMU-KOPPECIOH-
JeHTaMM) IJis1 o0ecreyeHUs Tiepeaadyy IMOTOKOB. [IJIst Kaxkaoro y3ja olleHUBAIOTCSI TpebyeMble 3aTpaThl
PECYPCOB IIpH Tiepenade BCeX UCXOMSIINX MEXKY3JIOBBIX TIOTOKOB, JJIsI KOTOPBIX JAHHBIN y3€I SIBJISIeTCS
UCTOYHUKOM.

st mocTpoeHMs MOC/IeN0BaTEIbHBIX OLICHOK JOITYCTUMOIO MCXOASIIETO MYJIBTUIIOTOKA U3 y3ja C
TMTOMOIIIBIO MOJIEIN aHAJIM3UPYETCS TMHAMWISCKHUI TIpo1ece “3aIrmoaHeHus” pedep ceTH TP MOHOTOH-
HOM YBeJIMYEHMM MEXKY3JIOBBIX Harpy3ok. IIpearionaraercst 4To cucTeMa yIIpaBjieHUsI 00eclieYnBaeT
rnepenayy MexXy3JOBbIX IIOTOKOB MO BCEM JTOCTYMHBLIM KpaTJYalIliuM MaplIpyTaM IMpU TEKYIIUX 3HaUe-
HUSX TIPONYCKHOM cmocoOHOoCTH pedep. Ha KaxkimoM 111are yacTb OCTaTOYHOM MPOITYCKHOM CITOCOOHO-
CTH pacIipeaciseTcs] paBHBIMU JIOJISIMU MEXAY KOPPECIIOHASHTaMU JIJIST YBEJIUYEHUSI COOTBETCTBYIO-
IIUX MEXY3JIOBBIX MOTOKOB. Ha KaXXmoM sTare moaCcCUUTHIBAIOTCSI CYMMAapHBIE 3aTPaThl PECYPCOB U I10-
clleOBaTeIbHO aAHAJIM3UPYIOTCS Pe3ydbTaThbl BbIPABHUBAHUS WCXOASIIUX MYJIbTUIIOTOKOB. 3a
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138 MAJIAIIEHKO, HASAPOBA

KOHEYHOE YHCJIO UTEPALil JOCTUTACTCS IOJIHAS 3arpy3Ka CETH U BBIUMCIISIIOTCS TapaHTUPOBaHHBIE
OLICHKY [4] AOITYCTUMBIX UCXOASIINUX Y3JIOBBIX MYJIbTUIIOTOKOB, TIepeIaBacMbIX U3 BCEX Y3JIOB CETU OJl-
HOBpPEMEHHO BceMU KoppecrnoHaeHTamMu. [1penioXeHHbIi crnocod MoAeIMpOBaHUs JaeT BO3MOXHOCTD
CpaBHUBATb U BBISIBJISTH pa3IMuus B pacnpeaeieHUH pecypcoB MPY UCIIOJIb30BAHUM YPAaBHUBAIOIINX
cTtpateruii. [lorydeHHBIE OLIEHKM MOXHO TPaKTOBaTh KaK OTPAaHUUYEHUSI HA BEIMYMHY KaXKIOTO MEXY3-
JIOBOTO MOTOKA OTIpeIeJIEHHOTO BIUIA, KOTOPHIM MOXHO OYAET rapaHTUPOBAHHO MepeaaTh B CETH OMHO-
BPEMEHHO C ITOTOKAMHU JPYTUX KOPPECIIOHACHTOB, €CJIN YCIOBUSI COBMECTHOM Tepeaayn Ha OCTaJbHBIE
BUIBI TIOTOKOB He OyAyT HapylleHbl. Pe3yabTaThl, IOJydeHHBIC B X0J¢ SKCIIEPUMEHTOB, MOXHO pac-
CcMaTpUBaTh KaK aJrOPUTMUUYECKHU 3alaHHOE OoINucaHue (YHKIMOHAIbHBIX BO3MOXKHOCTEN ceTu Mmpu
MpeaenbHol 3arpy3ke. [1pemIoxXeHHBIM MeTOI MO3BOJISIET IPOCISAUTh B IMHAMUKE B3AUMOCBSI3b U3Me-
HEHUS Y3JIOBBIX MYJILTUIIOTOKOB U MPOITYCKHOI CITIOCOOHOCTH pedep ceTH OT MUHUMAJILHBIX 3HAYSHU I
JIO TOCTUXKEHUSI MPeIebHOM 3aTpy3KU.

JaHHast cTaThs HAXOAUTCS B pyclie UCCIASAOBAHUI CTpaTEryil yIIpaBIeHUS U ITOCTPOSHUS TUCIIET-
YepCcKUX MpaBUJI pacripeieieH!sI TOTOKOB, HAarpy30K M peCypcoB B MHOTOIOJIb30BaTEIbCKUX CETSIX [5—
9]. Hanee miss noCTpOSHMS BCeX KpaTIaUIIMX MyTeil 1 MAKCUMAaIbHOTO OMHONPOIYKTOBOTIO ITOTOKA HC-
MOJIB3YIOTCS TIPOLIEAYPHI TTOMCKA C MOJMHOMUATBHBIMU OLIECHKAMU BBIYUCIUTENbHBIX 3aTpaT [10, 11].

1. MaremaTuyeckas Mmojaesb. /1151 ormcaHus MHOTOIIOJIb30BaTEIbCKOI CETEBOI CUCTEMBI CBSI3U BOC-
MOJIb3yEMCSI CIIEAYIOLIEel MaTeMaTUUECKOM 3aChI0 MOAEIN Mepeaadyl MHOTOINPOAYKTOBOIO MOTOKA.

Cetp G 3anpaetcst MHOXecTBamu V', R, U, P): y310B (BepwiuH) cetu V = {v|,v,,...,V,,...,Vy}; HECOPUECH-
TUPOBAHHBIX pedep R = {#, 5, ..., ;,..., Fg}; ODUEHTUPOBAHHBIX OyT U = {u;,u,,...,U;,...,U,g}; IAP Y3I10B-
KOPPECIIOHAEHTOB P = {p,, p,,..., Py} IIpennosnaraercst, YTo B CETU OTCYTCTBYIOT NETAM U CABOCHHbIE
peopa.

Pebpo 7, € R coenuHsieT cmedcHble BEPLUIMHEL v, , v, . Kaxnomy pedpy r; CTaBsTCSI B COOTBETCTBHUE
JIBE OPUEHTUPOBAHHBIE OYTH U, , U, p U3 MHOXecTBa U. lyru {u, ,u, , p} ONpeaenstoT npssMoe U1 00paTHOe
HarpasJIeHUsI MIePeIaYy TIOTOKA MO pedpy 7y MEX1y KOHLEBBIMU BEPIIUHAMU V,, , V; -

B MHoromnonb3oBartenbckoit cetu G paccmarpuBaetcss M = N(N —1) He3aBUCHUMBbIX, HEB3aUMO3a-
MCHAEMbIX N paBHOIIPpAaBHBIX MECXY3JIOBBIX ITOTOKOB pa3/IMYHbBIX BUIOB. Kamoﬁ mape ysjJoB-KOppeE-

CIIOHEHTOB p,, U3 MHOXECTBA P COOTBETCTBYIOT: BEPILUIVHA-UCTOYHUK C HOMEPOM S,,, U3 S,, BXOTHOMU
MOTOK /1-TO BUAA MOCTYITAET B CETh; BEPLIMHA-IIPUEMHUK C HOMEPOM 1,,,, U3 {,, IOTOK /1-TO BUJA TIOKU-
Jaer ceTb. JIst Kaxx 1ol BeplnMHbel v, € V,n = I,_N, dhopmupyetcst nonMHOXecTBO P(v,) Beex map-Kop-
PECIIOHIEHTOB, 111 KOTOPBIX BEPIIMHA V,, ABJISIETCS Y3JI0M-UCTOYHUKOM:

Pv,) =A{pn | 50 = n,t, #nt, =1,N},
a i kaxnoro P(v,) — ciucok HoMepoB M (n) nap p,,, BXOAAIINX B IOAMHOXeECTBO P(v,):

M (n) = {m(n),my(n),...,my_(n)}.

O003HaUUM Yepe3 z,, BEIUUUHY MeHCy3106020 TIOTOKA m-TO BUAA, MIOCTYIAIOIIETO B CETh Yepe3 y3ei
C HOMEPOM S, U TIOKUAIOLIETO CETh U3 y371a C HOMEPOM 1,5 X,i 5 Xk py — TIOTOK M-TO BUIA, KOTOPBINA
nepenaeTcs mo ayram uy, W Uy, p, COINIACHO HAMPABICHUIO MEPenadu, X, = 0, X,4p 20, m=1,M,
k =1,E; S(v,) — MHOXECTBO HOMEPOB UCXOILALINX OYT, 10 HAM NOTOK NOKUAAET y3ea v,; T'(v,) — MHO-
2KECTBO HOMEPOB BXOSILIUX AYT, [0 HAM MOTOK MNOCTYyMNaeT B y3ei v,. CoctaB MHOXecTB S(v,,), T'(v,) on-
HO3Ha4YHO (hOPMUPYETCS B XONI€ BBINOJHEHUS cenytoleil npouenypsl. Ilycts HekoTopoe pebpo 7, € R
COCIMHSIET BEPIIMHBI C HOMepaMu #n M j, Takumu, 4yTto n < j. Torma opueHTMpoBaHHas nyra
U = (v,,v;), HaNIpABJIEHHAs U3 BEPLUVHBI V, B V;, CAUTAETCS UcxXo0saujell N3 BEPIINHBL V,,, U €€ HOMEp k
3aHOCUTCSI B MHOXKECTBO S(v,,), & Iyra iy, p, HANIPABJIEHHAs U3 V; B V,,, — 6X005uell JIIs v,, N €€ HOMep
k + E nomMetaercd B crincok 7(v,). lyra u, siBisieTcs exodauseil nJjist v ;» M ee Homep k onagaet B 7'(v;),
a yra uy, p — ucxoosaujeil, U HOMep k + E BHOCUTCS B CIIUCOK MCXOISIIUX IyT S(v ;).
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AHAJIN3 Y3JIOBBIX MVYJIBTUITIOTOKOB 139

Bo Bcex yznaxcetuv, € V,n =1, N, 1J11 KaXI0ro BUAA ITOTOKA JOJKHBI BBITTOJTHATHCS YCIOBUS CO-
XpaHEHMUsI IOTOKOB:

Ty €CIH V, =V,

Z Xpi — z Xpi =% €COU V, =V, , (L)

ieSw) A\ 0 B OCTaNbHBIX CJyYasx,
n=1,N, m=1,M, x,=20 z,20.

mi =

BennuuHa z,, paBHa BXOOZHOMY MEXY3JIOBOMY MOTOKY m-TO BUJA, MPOXOASIIEMY OT UCTOYHUKA S,, K
TIPUEMHHUKY ?,, IapHl p,, IPY pacripeieIeHUU MMOTOKOB X,,; TIO AYTaM CETH.

Kaxnomy pedpy 7, € R npunuvceIBacTCs HEOTPULIATENIBHOE YUCIIO d), ONPEENsIONee CyMMapHbIi
MpeJeSIbHO NOMYCTUMBII TOTOK, KOTOPBII MOXHO MepenaTh Mo pedpy 7, B 000MX HanpasieHusX. B nc-
XOHO! CeTH KOMIIOHEHTHI BEKTOpa MPOIMYCKHBIX criocobHoctel d = (d,,d,,...,d,,...,dy) — TONOXHU-
TeJabHbIe uncia d, > 0. BexTop d onpenessier ciaeayoume orpaHM4eHus Ha CyMMy IOTOKOB BCEX BU-
JIOB, TIepefiaBaeMbIX 10 pedpy #, OTHOBPEMEHHO:

M
D ot + Xporr) Sy X 20, Xp4up) 20, k=1E. (1.2)
m=1
OrpanuueHus (1.1), (1.2) 3agaroT MHOXKXECTBO JTOITYCTUMBIX 3HAYCHMUIA KOMITOHEHT BEKTOpa MEXKY3-
JIOBBIX IOTOKOB Z = (Zy, Zpy-+vs Zms+vs Zps )"
%) ={z>0|3x =>0:(z,x) ynosaersopsitor (1.1),(1.2)}.

B pamkax ¢popmanusma Monenu g Kaxporoysnav, € V, n =1, N, popMupyeTcs: BEKTOp UCXOISI-

LLIETO MYJIBTUIIOTOKA Z(#1), KOMIIOHEHTAMU KOTOPOTO ABJISIOTCS MEXY3JIOBBIE ITOTOKHU Z,, I BCEX Iap
Pm € P(v,) C y31aMU-UCTOYHUKAMM S,,, PACTIOJIOKEHHBIMU B BEPILMHE V,,:

zZn)=1{z, |me M)}, n=1,N.

2. ,Z[OHyCTI/IMLIe Y3./10BbI€ MYJIbTHIIOTOKH. HpI/I IIPOBCOACHNN BBIYHUCIIUTEIBbHBIX 3KCIIEPUMEHTOB BEK-
TOPbI 2(}’1) JOITYCTUMBbIX UCXOOAIIMNX MYJIbTUIIOTOKOB (l)OpMI/Ip}IIOTCH Ha OCHOBE HAMJIEHHbIX pacrpenc-
JIEHUA COBMECTHO JOITYCTUMBIX MCXKY3JIOBBIX IIOTOKOB Z,,, P, € P(Vn), nepeaaBacMbIX OJHOBPEMEHHO
M3 BCEX Y3JIOB CCTH. Z[J'Ifl KaxXaon mapbl y3JIOB-KOPPECIIOHACHTOB p,, € P, nnsa HCEKOTOPOTO 3aaHHOIo

JOITYCTUMOI'O MEXY3JIOBOTO ITOTOKa Zm 1N COOTBETCTBYIOIIMX 3HAYEHU JOYTOBbBIX ITOTOKOB )Emk,

k =1,2F , BeIM4ynuHa

Fu =D Fon m=1,M,

XapakTepusyeT pe3yJIbTUPYIOILYI0 MeXY3I0BYI0 Haepy3ky (nanee RI-HarpysKy ot aHuiickoro resulting
internodal load) Ha pebpa ceTn mpu Nepeaade MexXy3JI0BOro MOTOKa Z,, U3 y3J1a-UCTOYHUKA S, B y3€II-
TNPUEMHUK ¢,,. BennunHa y,, moka3bIiBaeT, Kakasi CyMMapHasi IPOIMyCKHasl CIOCOOHOCTB CETH MOTpedy-

C€TCA IJIA nepeaadyu AYyTroBbIX ITIOTOKOB )’ka .B paMKax MOA€C/I1 OTHOILICHUEC RI—Hany3KI/I 1 ME2KY3JIOBOTO
ITOTOKAa

MOXHO TPaKTOBaTh KaK YAeJIbHbIE 3ampams. PECYPCOB CETU NpPU Mepeaade eAMHUYHOTO MOTOKa M-TO
BUJIA MEXY Y3JIAMU S, U f,, IPYA AYTOBBIX NOTOKAX X,,;-

s monaydyeHUss rapaHTUPOBAHHBIX OLIEHOK Y3JIOBBIX MYJbTUIIOTOKOB TMPEAINOJaraercs, 4To
MEXY3J0BbIe TIOTOKM TIepenalTcs Mo MaplipyTaM, ColepXXallliM MUHUMaJbHOE Yrciio pebdep (na-

nee MER-mapuipyTtel ot aHnruiickoro minimum edge route). I1pu mpoBeneHMM BEIYMCIUTEIBHBIX 9KC-
TIEPUMEHTOB JIJISI OLICHKH BEJIMUYMH “paclienjeHHOro” IMoToKa Ha MepBOM 3Tarle IJIsl KaXKI0i Maphl y3-
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140 MAJIAIIEHKO, HASAPOBA

JoB p,, = (s,,,t,) B cetu G(1) dopmupyercst Habop H, (1) Bcex myTeiil, KOTOpbIE Aajiee UCITONAb3YIOTCS
Kak M ER-mapiipyTs! riepenaum m-ro Braa MOTOKa:

H, (1) = (i (1), (1), (1), B (1),
rae h,{;( 1) — cnMcoK HOMEPOB AYT B j-M NyTU B cety G(1) mexny y3namu s, U t,,; U,,(1) — MUHAMaIbHOE
yuciio peoep B MER-Mmapipyte h,f;(l), aJ,(1) —uyncio MER-MapuipyToB mjigd m-ii mapsl.

s kaxnoit napsl p,, € P o Bcem MER-Mapiupyram u3 H,,(1) nepenaercsi eMIMHUYHBIA MEXKY3710-
BOI MOTOK Z,, U MOACYUTHIBAIOTCS] 3HAYEHUSI UHAUKATOPHON (DYyHKIMU:

~ 1, eciu ke k1),
W (m) = { (
0 B OCTAJIbHbIX CJIy4dyasdX.
OnpenensitoTcst [yroBble MOTOKU JJIsI aPHhI P,
In)
X =D mi(m), m=1,M, k=1,2E. (2.1)
j=1

Mexxy3noBoii motok no MER-mapuipyram (manee MER-1mmoTok) z?n( 1) Mexy y3/1aMH s, U £,, BBIYKC-
sstetcs 1o popmyinam (1.1) u (2.1). PaccuutsiBatoTcss HOpMUPYIOMINM KO3 PUIIMEHT
1
Zm(1)

0
m

(1) = . ()#0, m=1,M, (2.2)

M OYTOBbIC ITOTOKM:

X0, =onxe (1), m=1,M, k=1,2E.

0 N
IIpu nepenaye Bcex MOTOKOB X, O pedpaM CETHU MEXY3JIOBOI MOTOK U3 y37a S,, B y3€e f,, PaBEeH eau-
HUIIE.

PaCHpC,I[CI[CHI/IC COBMECTHO JOITYCTUMBIX ME€XKY3JIOBbIX ITOTOKOB ITOCJIEA0OBATC/IbHO OIIPECAC/IACTCA Ha

ocHoBe MER-MaplLipyToB 1 AyTOBBIX IOTOKOB x,?,,(. IloncuuThIBarOTCS ocmamouHble TIPOITYyCKHBIE CII0-
COOHOCTU U (DOPMUPYETCS CETh IJIsl MPOBEASHUS ciienyltolleil utepauu. Ha nmocnenyroux ureparmsx
C YYE€TOM TeKYIIMX MPOIYCKHBIX CIIOCOOHOCTEl cTposTcs HoBbie MER-MmapmipyTel n hopmupyercsa
MHOXECTBO PaBHBIX IO BEJIMYMHE MEXKY3JIOBBIX TOTOKOB, KOTOPBIE MOXKHO ITepeaaBaTh OMHOBPEMEHHO.
DuHabHbIE MEXKY3JIOBbIE TTOTOKU, TTPU OHOBPEMEHHOI Mepeaade KOTOPhIX MOJHOCThIO UCTTOIb3YyeTCs
MPOITYCKHAS CIIOCOOHOCTH BCeX pedep CETH, BEIYUCIISIIOTCS 32 KOHEYHOE YKCJIO UTepalinii, He IpeBOC-
Xopsiee ooIIero KonudecTna pedep cetu. OnumcanHas BhIIe npoleaypa najee HassiBacTcst MEREF-
npolenypa (ot aHruiickoro minimum edge route equal flow) unu 1151 kpatkoctu M F-nipouenypa.

I1pu mpoBeleHUU BLIYUCIUTENBLHBIX 9KCIIEPUMEHTOB Ha IepBoM miare (¢ = 1) MF-niponeaypsl mpo-

nyckHasi cnocoOHocTh d, (1) kaxnoro pedpa 7, € R nisg cetu G(1) nonaraercss paBHOK NPOITYCKHOM
CIOCOOHOCTH UCXOIHOM CeTU, a ero dauHa — eqUuHULIC:

d()=d,, (=1, k=LE
ITo dopmyne (2.2) u ¢ yaetom MER-1oTOKa zg (1) onpenensitoTcs HOpMUPYIOIIKE KO3(MDDUIIMEHTbI

0
0, (1), m =1, M. Ha BropoM 3Tane ykazaHHble KO3(MGULUHUEHTBI UCITOAb3YOTCS 1JIS IOUCKA TEKYLIUX
KBOT Ha Inepe€aadyy COBMECTHO OONMYCTHUMBIX ITIOTOKOB OJHOBPEMCHHO MEXIAY BCEMU IIapaMu

P =1,M.

3anauva 1. Haittu o*(1) = max o
o

M
IIPY YCIOBHSIX: ocz@?n(l)[xﬁ,k(l) + Xpary(DI< (1), 0>0, k=1,E

m=1
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HnsiBcexmap p,, € P,m=1,M,uBcexayru,, k € H,(1) c momoibto 0t*(1) BEIYUCISIOTCS JyTOBbIE
¥ MEXY3JI0BBIE TIOTOKM:

x5 (1) = o (D@ (DXp (1), Xy (1) = 010 (1D)X e (1),
() =a*(l), m=1,M.

TakuM 06pa3oM Kaxaoii Imape KOppeCcIIOHAEHTOB Ha 3ToM 3Tane M F-nipolienypsl BelaelseTCS oqHa U
Ta ke kgoma 0*(1) Ha TIepemady JOITyCTUMOTO ITOTOKA MPH 3aTaHHBIX KPaTJIANIITX MapIIpyTax COeIm-
HeHusl. PemeHue 3agaun 1 mMo3BOJISIET MOJIYYUTD YpagHUmenvHoe paciipeejcHie KBOT Ha OMHOBpEMEH-
HYIO ITepeaavy MexKy3JI0BbIX TOTOKOB Pa3IMYHbIX BUIOB ¥ COOTBETCTBYIOIIUE HATPY3KU, YUCIIEHHO PaB-

Hble yi(l),m=1,M.

JIJia Hali e HHBIX JyTOBBIX [IOTOKOB BBIUMCIIAETCA OCTATOYHAS ITPOITYCKHAs CITIOCOOHOCTh BCexX pebep,
opMmupyetcs ceth G(2), ISl KOTOPOIA

M
dp(2) = dp(1) = Y (e (1) + Xhapy (1) =
m=1

M
= d (1) = 0*(1) Y 0, (DO (D) + Xy (1), k=1, E.
m=1

Texyias dauna Kaxnoro peopa r, uist cetd G(f) Ha clienyroueil uTepauui (¢ > 2) ompenessieTcs 1o
ceayolIeMy IIpaBuTy:

1, ecitmu  d,(r) >0, k=1FE,
L=+
N°, ecmm d(t)=0, k=EF.

Ha nepBoM sTane mara 7 (¢ = 2) B cetu G(¢) 111 KaXA0i Mapkl y3J10B p, € P npu TeKywux /, () onpe-
nensiercst ivHa L, (r) MER-mapupyra:

L= D L.

kehl ()

2
Ecnu nnuna L,(f) =2 N7, To st mapsl p, B cetu G(f) HET IyTH coenuHeHus U 3HadueHne MER-notoka
3MIECh W Jajiee MoJjlaracTcsl paBHBIM HYJTIO:

2t = 0.

Ecnu xe nnuna L,(f) < N 2, TO [UIs1 mapsel p, ctpoutcst MHoxecTBo H ,(f) Bcex MER-mapuipyTosB u,

contacHo MF-nipouienype, Beruucisiores Tekyiit MER-norok z,? (¢), LyrOBBIE TIOTOKU xgk o, x,?( k+ £y ()
001 ayr u, , k € H,(t), a Takxke KooOOULUEHTDL:

. ——, ecm  z,(0) >0, a=1,M,
wa(t): Za(t)

0, ecmn z()=0, a=1,M.
st onipenenieHus BeIMYMHBI TEKYIIEN KBOTHI OU*(¢) peliaeTcs 3aaaya 2.
3angaua 2. Halitu o*(f) = max o
o

M
MpU yCIOBUSIX: aZco?n(t)[x,?,k(t) + x,(:,(kJrE)(t)] <d (@), o=20, k=1,F.
m=1

Hamare 7 (¢ = 2) ¢ TOMOIIBIO pelIeHUS 3a0a4M 2 HAXOASTCS: TEKYIINUE JOIyCTUMbBIC 3HAUCHUST MEXK-
Y3JI0BBIX IOTOKOB, KOTOPbIE MOTYT TepeaaBaThcs B ceTu G(f) OMHOBPEMEHHO AJIst Bcex nap p,, € P:

(1) L —-1)+aXr), ecim  z,(f) > 0;
o) =
2t —1), ecim  z,(t) = 0.
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Ha 3akmmouuTtenbHOM aTamne mara ¢ (¢ > 2) 1jis Kaxka0ro pedpa CeTH BbIUMCIISIETCS OCTaTOUHasl Tpo-
MMyCKHasi ClocoOHOCTb ceTu G(¢ +1):

M
di(t +1) = di (1) = 05) Y O (O () + Xy} k =1, E,
m=1

U OCYLIECTBJISICTCS TTPOBEPKA CJICIYIOIINX YCIOBUIA.

Ecnu nocie 3aBEpILICHUS 11ara f OKaXXeTcs, YTO XOTs OBI IUIS1 OMHOTO pe6pa n € R ocTtaroyHas IIpo-

MyCKHasl cnocoOHocCTh d, (f +1) > 0, To popmupyercst HoBast ceTb G(f + 1) U IPOU3BOAUTCS NEPEXO K
clenylouen nTepalun.

Ecim d,(t +1) = 0 s Bcex k = I,_E, TO TIPOUCXOJIUT OCTAHOB, BCE MMPOMYCKHBIE CITTOCOOHOCTH pe-
Oep ucUYepItaHbl ¥ CeTh MOJTHOCTHIO 3arpykeHa. @uHanbHasa nteparust obo3Havdaercs ¢ .= T .

Ha xaxxaoM 1iare # pe3ybTUPYIOIIe MEXY3JI0Bble TIOTOKU U pebepHble HArpy3KU 1J151 KaX 101 napbl
D> M = I,_M, 0603HavaTCs yepes z5(¢), y*(¢f) 1 COOTBETCTBEHHO PaBHBI:

t E
O = ), YO =D X0 + Xy (D)

1=1i=1

VnenbHble 3aTpaThl W (¢) TIpU Mepeaade MeXy3JIOBbIX TTOTOKOB OMHOBpeMeHHO 1o BceM M ER-mapiir-
pyram H,(1), H,(2),..., H,(t):

wi(t) = m, m=1,M.
Z(0)

s aHanmm3a pe3ysibTaTOB BBIYMCIUTEIbHBIX SKCIIEPMMEHTOB Ha Kaxaoil urtepauuu ¢ = 1,7 nomy-

YeHHBIE JaHHbIe Z(f), yi (1), w' () momeraroTcst B MaccuBbl Z* (1), Y*(£), W*(£), a Takke hopMUpyIoTCs
BEKTOPBI TOMYCTUMBIX MUCXOISIIINX Y3JTOBBIX MYJTBTUIIOTOKOB, KOTOPBhIE 0003HAYAIOTCS

75 (nt) = {Z5@) | pp€ PO, t=1,T, n=1,N.

3. YI)aBHl/lTeJII)HOQ pacnpeaeieHue Harpy3ok. ,HJ'ISI aHaJIn3a JOITYyCTUMbIX UCXOOAIIINX MYJIbTUIIOTOKOB

MpU YPaBHUTEIBHOM pacIipefesIeHUN MeXY3JIOBBIX HArpy30K ISl BCeX Map y3/loB p,, € P ucnonab3oBa-
nace MERER-npotenypa (ot anmuiickoro minimum edge route equal resourse) Win UIsI KpaTKOCTH
MR-nporienypa, KoTopasi COCTOUT B ciemytomeM. Ha rrepBoM stare mpu mepenade eMMHUIHBIX TIOTO-

KoB 1o kaxagoMy MER-mapupyry mz H,(f), m =1, M, onpenenstorcss peOepHble 3arpy3kyd ISl
m=1,Muk =1,E. 1ng Kaxnoi napsl p,, € P BbIYUCISIOTCSI HATPY3KU:

E Ju(1)

Ylt) = D> i (m) = w(m)J (1), m=1,
k=1 j=1

X

HOpMHUpYIONIe KO3MOPUIINEeHTHI:

G?n(t) = % IUTST BCeX y?n(t) #0, m=1,
Ym

3.1)

-

MpU KOTOPBIX PE3yJbTUPYIOILINE MEXY3JIOBbIe HAarpy3Ku yf),, = O?n(t)y?n(t) OyIyT paBHBI SIWHUIIEC, CCITU

COOTBETCTBYIOLLIMIA MEXY3JI0BOM MOTOK OYAET NepenaH 1o scem mapupyram H, (1), m =1, M.

Ha rexyuiem mare t MR-npouenypsl B cetv G(¢) i1t 3HaueHuUil d, (¢) v [, (¢) 07151 Kax o napel p, € P
Haxoautcs Habop MER-Mapiupyros H (7).

C yuetom yg(t) rpu repenade mexysinosoro MER-noroka zg(t) no sceM MER-mapuipyram u3 H ,(¢)

0
Hopmupyowue koddbduuneHTsl 0,(7) Beruucisitores no dopmyse (3.1). YkazanHble Ko3DOULUEHTHI B
3amade 3 MCITONB3YIOTCS UIST TIOMCKA PABHBIX Haepy30K TIPU Tiepemade COOTBETCTBYIOIINX MEXKY3IOBBIX

MOTOKOB OMHOBPEMEHHO MEXIY BCEMU TapaMu p, € P.
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3anmauva 3. Haittu B*(r) = max
>0

IIPU YCJIOBUSX: Bzrzlﬂi(t)(x,?,k(t) + x,?,(k+E)(t)) <d (), k= LE.

Pemenue 3anaun 3 3* () onpenessiet TeKyIIre COBMECTHO TOMYCTUMBbIC 3HAUEHUsI TyTOBBIX TOTOKOB
U peOepHBIX HAarpy3oK:

() = BF 08, (X (), m=1,M, k=

&

,2

E
YEH() = BHOOMD D (1) + Xy (1)) =
k=1

0
"Bﬂ)EZ(”*O) x”?£KDJ=WFUL m=1,M.

Il?) V()

Ha mrare ¢ pemenue 3agauy 3 MO3BOJISIET TOJIYYUTH YpAGHUMEAbHOE PACIIpEIeeHNe Harpy3KH.
MexXy310Bble TOTOKM, COOTBETCTBYIOIIME [YrOBBIM IOTOKaM X)»(f) W Harpy3kam y *(¢) = B*(7),

cornacHo (1.1), o6o3HauuM yepe3 zm(ym*(t)) U BBIYMCJIUM OCTaTOYHYIO MPOIYCKHYIO CITIOCOOHOCTh pe-
oepBcetu G(f +1):

M
di(t +1) = di(0) = B0 ) B (ini0) + Xpar (), k =1, E.
m=1
ITocie 3aBeplieHUs 1Iara ¢ IPpOXU3BOAUTCS IPOBEPKa YCIOBUIA:

€cJiy XOTs1 Obl JIsI OTHOTO pedpa 7, € R ocTaTouyHas MPOonyckKHasi ClocoOHOCTb d, (¢t + 1) > 0, To dhop-
MUpYeTCcsl HoBast ceThb G(f + 1), ISk Hee onpenesieTcs TeKyllas dauna peoep:

L eciu d,@+1)>0, k=1,
N’ ecnm d,(t+1)=0, k=1E,

hO+D={

Y IPOUCXOAUT Mepexo K utepauuu ¢ + 1;

ecnu xe d,(t +1) = 0 g Bcex k = 1, £, TO Bce MPOITYCKHBIE CIOCOOHOCTU pedep UCUEPIIaHbl U CETh
TOJIHOCTBIO 3arpyeHa.

DuHanpHas uTepanust obo3Havaercs ¢ ;= 7. [1pu 3TOM [IJIs KaXKIOTO ¢ BRIYUCIISIOTCS: PE3YIbTUPY-
IollIMe 3HAYEHUST MEXY3JIOBbIX TOTOKOB TSI KaXKAOU mapsl p,:

*ay—E}Ay*a» m=1,M;

cyMMapHble peObepHble Harpy3Ku, COOTBETCTBYIOLIUE MPEAECTIBHOMY PACIIPEIEIEHUIO ITPOITYCKHO CIO-
COOHOCTH pedep ceTu:

*m_ZZH@HMMMm m=1,M;

1=1i=

yIeNbHbIE 3aTPAThl W*(f) TIpU Tiepenade MeXy3JIOBbIX TOTOKOB MO BceM MapiipytaMm H, (-):

sk
Y (&)
)
B xone skcriepuMeHTa Ha KaxXaoM 1iare ¢ = 1,7 Bce oJydeHHbIe 75 (f),, yi* (1), wi*(f) 3aHocsTCS B Mac-

cuBbl Z**(f), Y**(r), W**(¥) 1 GopMUPYIOTCS BEKTOPbI COBMECTHO NOMYCTUMBIX UCXOASIINX Y3JIOBbIX
MYJIBTUITOTOKOB, KOTOPBIE 0003HAYaI0TCS

% (n,0) = {5 p € POv,)), t=1,T, n=1,
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Puc. 2. KosnbiieBas ceTb

4. ITocTpoeHue oneHOK Noka3areeil (P)yHKIMOHHPOBaHMA. BrIunciuTeIbHbIe 9KCIIEPUMEHTHI IPOBO-
JIWJIMCh Ha MOJEJISIX CETEBBIX CUCTEM, TIPEACTaBIeHHBIX Ha puc. 1, 2 (0a3oBas U KOJblieBasi CETHU COOT-
BETCTBEHHO). B kaxmoit cetn nmeetcst 69 y3noB. [IpomyckHble CITOCOOHOCTH pedep d), BHIOMpaoTCs
ciiygaiiHbIM o0pa3zoM u3 orpeska [900, 999] u coBnmamaloT mjist pedep, IPUCYTCTBYIOIIMX B 00CUX CETSIX.
B xonb11eBoOii ceTu MpomycKHasi ClTocoOOHOCTh KaXkA0ro u3 1o6aBieHHbIX pedep paBHa 900. B xone akc-
MeprUMeHTa IIPOBOAWIACE HOPMUPOBKA U CyMMapHas IIpOoIyCcKHAasi CIOCOOHOCTh B 00€UX CeTSIX Oblia
OIMHAKOBA:

E
D d,(0) = D(0) = 68256.
k=1

JwvarpaMMBbl, IpeacTaBAeHHBIC Ha PUCYHKAaX ¢ HEYETHBIMU HOMEpPaMM, OTHOCSTCS K 0a30BOI1 CeTH,
a C YeTHBIMHU — K KoJIbLieBOI. Ha kaxmoM u3 puc. 3—6 npencraBieHbl TP KPUBbIE, XapaKTePU3YIOIIe
U3MEHEHUSI OCHOBHBIX ITapaMeTPOB: UCHOIb30BAaHHYIO MPOITYCKHYIO CIIOCOOHOCTDh, MEAUAHbL U Cpe/l-
HHe 3HauyeHMsI MEXY3JIOBBIX IIOTOKOB. B 4acTHOCTH, yKa3aHHBIE KPUBbBIE ITO3BOJISIIOT HIPOCIEAUTD I10
11aram, CpaBHUTb OOIIIMe TeHACHIIMY U OLICHUTh 3aKOHOMEPHOCTH B XOZ€ BBIYUCIUTEIBHOTO 9KCIIEPU-
MeEHTa.

ITo ropu3zoHTaNbHOI OCU yKa3aHbl (OTHOCUTEJIbHBIE) HOMEpa UTepalMid

t
vit)==, t=1,T.
(0 T

Huxusa KpuBas S(f) OTO6p3.)KaCT MN3MEHCHMUA ITPU UCITOJb30BaHUU PECYPCOB CETHU Ha KaKIOM 1Iare

D0 77

o) = D0)’ t=1,T, 0<0o() <1,
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Puc. 3. bazosas cetb. Mexy3noBbie oroku M F-mipotienypst

Puc. 4. KosnbiieBast ceTb. MexXy3sitoBble OTOKM M F-Tiponienypst

rae D(t) — cymMa 3arpy>keHHOi MPOITYCKHOM CITOCOOHOCTH CETH 3a ¢ 111aroB MpU OMHOBPEMEHHOIM Tie-
penaye BCcex MCXOMSIINX JOITYCTUMBIX Y3JIOBBIX MYJIBTUIIOTOKOB Z*(#,7) B 0a30BOi1 1 z**(n,1) B KOJIbLIE-

Boii cetu, n =1, N.

Ha puc. 3—6 Bce KpuBbIe pacxona pecypcoB (7)) AeMOHCTPUPYIOT OOMHAKOBYIO TEHACHLIMIO — IIOCIIE
10-it ntepanuu pacxonyercst 6oiiee 80% pecypcoB, a Ha OCTABIIMXCS UTEPALIASIX PABHBIMU MTOPLASIMU
pacnpeneasiorcs ocraBimecs 20% nmponycKHOM CIIOCOOHOCTH.

Ha nuarpammax Bropasi KpuBasi 7 (f) OTpaXaeT 3HaYeHUsI MEAUAH MEXY3JI0BbIX IOTOKOB. 31€Ch TAK
Ke, KaK 1 B cIyJae pacXoIoBaHMSI pecypcoB, Tmocie 10-if uTeparvu ycTaHaBIMBAeTCSI HEKWI CTAaINo-
HapHBIN peXXUM, U MeIMaHbl HE MEHSIIOTCSI 10 MOMEHTa ocTaHoBa. 11 6a30Boit ceTu Ha puc. 3, 5 3Ha-

YeHUs 7 () COOTBETCTBEHHO paBHbI 1.18 u 1.21, mist KosbleBoii Ha puc. 4, 6 — 1.57 u 1.58. Takum o6pa-
3oM 1rocire 10-it ureparnm ncaepmbiBaetcs 80% MpoOITyCKHOM CITOCOOHOCTH ceTH 1 6otee 70% tmap-Kop-
PECIIOHIEHTOB COXPAHSIIOT JOCTUTHYTbIE 3HAUYEHUs IMOTOKOB. OCTAaTOUYHBIN pecypc pachpeneisieTcs
MOPOBHY MEXIY y3JaMH, MHIIMICHTHBIMUA BUCSIUM JTyTaM.

Ha puc. 3—6 BepxHsist KpuBas z(f) OTBEYaeT CPeAHUM 3HAYEHUSIM MEXY3JIOBBIX ITOTOKOB 10 UTEPa-
uusM. Hudpbl Ha pucyHKaxX OTIMYAKOTCS, HO OOIIMI BUI AMarpaMM IMOATBEPKAaeT OOy TeHICH-
nuio. B Havane pecypchl ceTH pacmpeneisiioTCs paBHBIMHU OOJSIMU HOo4mu MEXIy BCEeMM IIapaMu.
OpHako Korma UCIoib30BaHo 80% pecypcoB, MHOTHE Y3JIbl OKA3bIBAIOTCS M30JMPOBAHHBIMU, a CETh
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Puc. 5. bazoBas cets. Mexxy3i10Bbie ToToku M R-mipotienypst

i i i i
0 02 04 06 08 1.0 v(p

Puc. 6. KonbueBas cetb. Mexy3noBbie moToku MR-mpouieaypst

pacragaeTcst Ha oTaeJibHbIe pparMeHThl. OcTaToyHas IIPOITyCKHAasl CITIOCOOHOCTh BUCSUMX pedep pac-
MpeaeIsieTCs MEXIY y3JIaMU, PacIiOJIOXKEHHBIMU “OJIM3KO” APYT K APYTY, U IjIs1 HEKOTOPKIX ITap-Koppe-
CIOHJIEHTOB ITOTOKM 0KAa3bIBAIOTCSI CTOJIb 3HAYUTEIBHBIMU, UTO PE3KO MEHSIOT CPEIHNE 3HAUCHMUSI.

Ha puc. 7—10 nipencraBieHBI JUarpaMMBbl, KOTOPBIE ITO3BOJISIIOT IPOAHAIM3UPOBATh, KAK MEHSIIOTCS
JIOITyCTUMBIE UCXOMSIINE Y3JIOBBIE MYJIBTUIIOTOKM B Xoae BeIToHeHnss MF- m MR-nipouienyp. Io ro-

PU30HTAJIbHOM OCU OTKJIAABIBAIOTCS OTHOCUTEIbHBIE HOMEpPA Y3JI0B v, € V':

ITlo BepTHKaﬂLHOﬁ OCH OTKJIaObIBAIOTCA 3HAYCHMA CYMMApPHbIX Y3JIOBbBIX MYJIBTUIIOTOKOB Ha UTE€pa-
UM £

¥(n) = Zz,",‘,(t), n=1,N, t=1,T.

me M (n)
IHudpsl, ykazaHHbIE HENOCPEACTBEHHO HAl KPUBBIMU, OTBEUAIOT HOMEPY UTepaLliu /, B JAHHOM CJIydae
Ha Bcex pucyHkax 3to 10, 30, 50, 70.

Hwuarpammbl Ha puc. 7—10 moaTBepKaaloT BBIBOABI, CAeIaHHbIe paHee. Ha HayalbHBIX 3Tanax 3Ha-
YeHUS] MCXONAIINX MOTOKOB HoYTH paBHBI 100 egMHMIIAM M COOTBETCTBYIOILIME KPUBBLIC ITOYTU
napasjieabHbl TOPU30HTAILHON OCH U jieXaT B kopunope 3HaueHuit 100 < 1(-) < 200, yTo oTBevyaeT no-
ymu paBHBIM MeauaHaMm (cMm. puc. 3—6). Ha puc. 7—10 nipu ¢ = 50 u 70, Korma ceTb pacmnagaercsl Ha
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3(n)
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Puc. 7. bazoBast cetb. Y3n0Bble MyabTUIIOTOKM M F-mipotienypbl

3(n)
700
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Puc. 8. KonbueBas ceTb. Y3ioBble MynbTunioroku MF-tipouenypbt
3(n)
700
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Puc. 9. bazoBasi ceTb. Y310Bble MyJIbTUTIOTOKM M R-Tiponienypbl
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J(n)
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Puc. 10. KosbiieBast ceTb. Y310Bble MyJIbTUIIOTOKM MR-nipolienypbt

OTHeNbHbIE (DparMeHTHI, paclpeacicHe OCTaTOYHO! MPONYCKHOMN CITOCOOHOCTU MPOUCXOIUT MEXIY
HeOOJILIIMM YKCIIOM CMEXHBIX Y3J10B. B pe3ysibTate cMexKHbIE apbl-KOPPECITOHAESHTHI MOJIYyYaloT 10-
nonHutenbHo oT 200 mo 400 eguHun noroka. dyru, Beayliue K BUCSYMM BEpPIIMHAM, HE SIBJISIIOTCS
TPaH3UTHBLIMU, ¥ OCTATOYHASI IIPOITYCKHAsI CITOCOOHOCTD Ha ITOCIIEAHUX UTEPALIUSIX MOXET COCTABIISITh
1o 700 eqnHUIL B KOJIBLIEBOI CETU.

dopmMaibHO MOJIHAs 3arpy3Ka CeTU JocTuraercsl Ha nocienHeit utepanuu (¢t = 7). C conepkareb-
HOI TOUKM 3PEHUSI B peasIbHBIX CUCTEMAaX OCTaTOYHBIE PECYPChI U MaJIO 3arpy>KeHHbIE peOpa yKa3blBaloT
Ha CTPYKTYpPY CE€TU, B KOTOpOii Hea(h(DEKTUBHO MCITOIb3YIOTCSI PECYPCHI.

Cxema IIPpOBCACHHM A BEIYNCINTEIbHBIX OKCIICPUMEHTOB ITO3BOJIACT IPUMEHATD ITOJTYYCHHBIC PE3YJIb-

TaThl TIPU TTOCTPOSHUM TapaHTUPOBAHHBIX OLIEHOK (PYHKIIMOHAJIBHBIX XapaKTepucTUK. [lapameTpuso-
BaHHBIE BEKTOPDI

zn,y) = y2*n,T) + (1 - Vz**(n,T), n=1,N, 0<y<l,

Ipu JIIOOBIX Y U NIpE€AEJIbHBIX 3arpy3Kax CE€TU OINPEACIIAOT ,[[OHYCTI/IMblﬁ BEKTOP UCXOAATTNX MYJIbTUIIO-
TOKOB, II€pE€aaBacMbIX N3 BCEX Y3JIOB.

3akmouenne. [TpemioxxeHHass MaTeMaTHYeCcKast MOJEIb U TTPOBEASHHBIC 9KCIIEPUMEHTHI TTO3BOJIIN
MPOBECTH OLICHKY (PYHKIIMOHAILHBIX BO3MOXKXHOCTEM U CTPYKTYPHBIX OCOOCHHOCTE MHOTOIIOJIb30Ba-
TEJIbCKUX CETEBBIX CCTEM. B paMKax Moesn pearnoarajaoch, YTO CUCTEMA YIIPABJICHUS U TUCIIETIEP-
CKue TIpaBuJja MOAACPXUBAIOT YpasHUmenbHoe pacipele/icHUe peCcypCcoB /WU 6bipasHuUéanlie HEB3ar-
MO3aMEHSIEMbIX IIOTOKOB pa3HbIX BUIOB IIJISI BCEX Map pasHONPAGHbIX KOPPECIOHACHTOB. AHAIN3 IIOTO-
KOB MEXIYy CMEXHBIMU y3JlaMU U 3arpy3KM COOTBETCTBYIOLIMX pebep Mokazal Hed(h(EKTUBHOE
HCIIOJIb30BaHUE PECYPCOB 3TUMHU KOppecroHaeHTaMu. COBMECTHO TOMYCTUMBbIC BEKTOPBI Y3JIOBBIX
MYJIBTUIIOTOKOB MOXHO pacCMaTpuBaTh KaK MHOTOKPHUTEpUAIbHEIE OLICHKU IIPOITYCKHOI CITOCOOHO-
cTH ceTH. JIMHEeHYI0 OTHOITapaMeTPUIECKYI0 KOMOMHAIINIO BEKTOPOB Y3JIOBBIX ITOTOKOB IIPU TTOJTHOM
3arpy3ke MOXKHO TIPUMEHSITh JJIsl arperupOBaHHBIX OLICHOK YSI3BUMOCTU U XKUBYYECTU CETU MIPU U3Me-
HEHMHU IIPONYCKHOM CITOCOOHOCTH e¢ pedep. 3HaUYeHMs Y3/I0BBIX MYJILTUIIOTOKOB IIPU 3arpy3Ke CETH Ha
70—80% 1103BOJISIIOT TPOBOAUTH OLICHKY IIPOITYCKHOI CIIOCOOGHOCTH CETH B CTALIMOHAPHOM “pabouyeM”
peXuMme.
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